This paper uses data on Swedish local governments to test for strategic interaction in tax setting. We make no a priori assumptions regarding the underlying behaviour of individuals, but instead attempt to test for the presence and type of underlying spatial process. First, we employ the estimation methods used in most earlier studies, however, we stress that these methods are limited in identifying the source of interaction. Hence, we make use of a number of additional, indirect predictions from the theories of tax competition and yardstick competition, in order to test for the presence of strategic interaction. Using such additional predictions of the theories serves a twofold purpose -…rst it helps us establish if the spatial coe¢ cient is due to strategic interactions or merely re ‡ecting spatial error correlation, and second, it helps identify the source of interaction. The analysis provides strong evidence for spatial dependence in tax rates among Swedish local governments. Moreover, we …nd weak evidence of tax competition or yardstick competition e¤ects in the setting of tax rates.
Introduction
The presence of strategic interactions in the tax setting of local governments is an important issue in the organization of the public sector. Such interactions have long been investigated in theoretical economic work (see e.g. Oates (2002) or Wilson (1999) for an overview). This has resulted in two main types of theoretical frameworks: tax competition and yardstick competition. In short, the former describes a situation where local governments compete for a mobile tax base whereas in the latter, tax interaction stems from the political process.
1 It can be shown that both models give rise to similar spatial reaction functions, where the tax rate of a jurisdiction is a function of that of surrounding jurisdictions, denoted neighbouring jurisdictions in the following.
Empirical work testing for strategic interactions in local tax levels is a more recent phenomenon -the …rst empirical studies testing for strategic interactions in the tax rate date from the mid 1990s. 2 In general, the point of departure of these studies is the tax competition hypothesis, but there are also studies focusing on yardstick competition. The aggregate evidence of these studies supports the hypothesis of a spatial pattern in the tax rates of local jurisdictions. The size of the interaction varies quite substantially, however, and compared to the theoretical literature, the empirical work is quite scarce.
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This paper tests for strategic interactions in the tax setting behaviour of local governments in Sweden. We recognize that the estimation methods are limited in identifying the source of interaction. 4 In contrast to many studies in this …eld, we make no a priori assumptions regarding the underlying theoretical framework. Instead, we make use of additional, indirect predictions from the theories of tax competition and yardstick competition to test for the presence of strategic interaction in these forms 5 . Speci…cally, we use a reform of the central government grants system, which changed the system of tax base equalization of the municipalities, to test for tax competition. The idea is that if we …nd the degree of interaction to be di¤erent after the reform, this can be seen as indirect evidence of tax competition. We also use two empirical implications descending from yardstick competition; namely that yardstick-type interaction is expected to be more prevalent during election years and when the political majority is weak, to test for strategic interaction in the form of yardstick competition.
1 A more detailed description of these models is given in section 2.
2 See e.g. Besley and Case (1995) ; Bordignon et al (2003) ; Brett and Pinkse (2000) ; Brueckner and Saavedra (2001) ; Buettner (2001) ; Esteller-Moré and Solé-Ollé (2002) ; Heyndels and Vuchelen (1998) and Revelli (2001) . 3 See e.g. Allers and Elhorst (2005) for a summary of a number of results in recent studies. 4 This will be discussed in greater detail in sections 3 and 6. 5 These tests will be thoroughly described in section 6.
In addition, we estimate a number of alternative speci…cations of the tax interactions equation, where we vary the criterion for de…ning a municipality's reference group. By specifying a set of alternative "neighbourhood criteria", that to di¤erent degrees correspond with the theories of tax and yardstick competition respectively, we can get an additional indication of which form of interaction is taking place.
Given the di¢ culties in ensuring identi…cation through standard estimation, we believe that using these forms of indirect identi…cation strategies is a fruitful way to proceed, both to separate strategic interactions from potential bias stemming from spatial error correlation and to separate between the di¤erent underlying theories.
Due to the simultaneity of the interaction between a municipality and its reference group, we estimate the tax interaction equation with 2SLS, using a subset of neighbours'characteristics as instruments for the tax rate of the reference group. This is a procedure often used in the literature on strategic interactions.
Swedish data is highly suitable for testing strategic interactions in local tax setting.
The local governments are responsible for the provision of essential welfare services 6 and have a high degree of autonomy both when it comes to the right to decide on the provision of local public services and their right to set the local income tax rate. Tax revenue constitute the bulk of total revenues and the degree to which citizens depend on municipal services along with the heavy reliance on tax revenues make tax policy a salient issue in local policy making. Furthermore, the institutional setting combines the vast decentralization in the provision and …nancing of important public services with a grants system which, to a large degree, equalizes the economic conditions of the local governments. A system that equalizes the taxbase naturally reduces the motives for tax competition. Therefore, we expect to …nd less tax competition than in countries with a less redistributive system. Given this institutional setting, it is interesting to compare the results of a highly decentralized but also equalized country to those of other countries.
The main results can be summarized as follows. The analysis provides evidence of spatial dependence in the tax rates among Swedish local governments: a tax cut of on average 1 percentage point in neighbouring jurisdictions leads to a decrease of about 0.79 percentage points in own taxes, which is of the same magnitude as that found in similar studies on interdependence in tax setting. The result is robust to using di¤erent speci…cations of neighbourhood, that are derived from the tax competition and yardstick competition theories respectively. This suggests that there is a spatial pattern in the data that is consistent with the predictions from these theories.
Using additional indirect identi…cation strategies that are consistent with either the tax competition or the yardstick competition framework, the paper …nds no (when accounting for dynamics by clustering on municipality), or weak (when not clustering) evidence supporting that the spatial auto-correlation in taxes among Swedish local governments can be explained by electoral concerns or incentives to attract mobile taxpayers, as suggested by the theories on strategic tax interaction.
The remainder of the paper is organized as follows. Section 2 provides a basic description of the two theoretical models of tax interaction: the tax competition model and the yardstick competition model. Section 3 discusses the methodology used in the empirical analysis. In Section 4, we present the data and describe the institutional setting. Section 5 turns to the empirical speci…cation of the tax reaction function and the baseline results. In addition, Section 5 contains a description of, and results using alternative de…nitions of neighbourhood. In Section 6, we turn to the identi…cation of strategic interaction using the grants reform as well as features of the electoral system. Finally, Section 7 concludes.
Theoretical background
This section will give a basic description of the two theoretical models of tax interaction: the tax competition model and the yardstick competition model. They are similar in the sense that the tax setting of the decision-maker of a local jurisdiction is restricted by the neighbouring municipalities'tax rates. The underlying interactionmechanisms di¤er, however. The section draws heavily on Brueckner (2003) and Revelli (2005) .
We start by de…ning the objective of the decision-maker in jurisdiction i as choosing the optimal local policy, here tax level i , given a set of jurisdiction-speci…c characteristics, X i :
Taking equation (1) as our point of departure, we now turn to describing tax competition and yardstick competition, respectively. The objective of equation (1) 
Tax competition
The tax competition model di¤ers from the baseline objective of equation (1) in that the tax base is assumed to be mobile. In particular, it is assumed that tax payers move where taxes are lower, ceteris paribus. The tax base of jurisdiction i, here denoted s i , is hence a function of the relation between the tax level in the own and the neighbouring regions, i and i respectively, as well as of other factors in ‡uencing the decision to move, X i :
If we include the tax base in the objective function of equation (1), we obtain the objective function of the tax competition model. Inserting equation (2) yields the following expression:
Maximizing equation (3) w.r.t the own tax level, it is easily seen that the optimal tax level of jurisdiction i will be a function of the neighbouring jurisdictions'tax levels, in addition to own characteristics,
The underlying assumption driving interaction in the tax competition model is hence the mobility of the tax base, as illustrated in equation (2). It can be shown that the fact that the tax base responds negatively to the relative tax rate puts a downward pressure on the tax rate, which leads to taxes being set suboptimally low compared to the social optimum.
Yardstick competition
While the tax competition model adds the assumption of mobile taxable resources to the baseline case, the yardstick model takes into account the electoral process. As in the baseline objective, the yardstick model assumes an immobile tax base. Tax interaction in this model stems from the assumption that voters evaluate politicians by comparing their performance with that of neighbouring jurisdictions.
In the yardstick competition model, the tax policy of a jurisdiction is derived from the incumbent's objective, which is to maximize personal rents 7 over a period of two terms in o¢ ce. The incumbent maximizes the sum of the utility of rents in each period, v(w i;t ) and v(w i;t+1 ), taking into account that the probability of being re-elected for a second period is p i
The rents in period i, w i , are equal to the di¤erence between tax revenue i , and the cost of providing public service, c i , which, in turn, we assume to be determined by the jurisdiction-speci…c characteristics, X i
7 Rents can broadly be seen as ine¢ ciency, i.e. they can, for example, be shirking by politicians or other forms of waste.
It is in the voters'interest to limit the amount of rents extracted, to ensure that the tax revenue is allocated to public services and not to personal rents. The problem is that voters cannot observe the true cost of provision of public services and hence, do not know whether the tax level set by the local politician is motivated by the costs of public provision, or if part of the tax revenue is wasted on personal rents.
The yardstick competition model assumes the voters to deal with this asymmetric information problem by comparing the levels of taxes and public service to those of neighbouring jurisdictions. The rationale behind this is that the jurisdictions located in the same region are likely to be subject to similar economic circumstances and hence, are also likely to have roughly the same costs for provision of public services.
Consequently, they should require about the same level of taxes to provide a given level of service 8 .
This comparative performance evaluation implies that a politician increasing the tax rate relative to that of the surrounding jurisdictions, without proportionally increasing public service, will be punished by the voters in the next election. The probability of re-election p i is hence dependent on the tax level of the own and neighbouring jurisdictions, taking into account a set of jurisdiction-speci…c factors:
Inserting equations (6) and (7) in the yardstick objective (5), we obtain the following expression:
If, for simplicity, we assume the expectations of i;t+1 and c i;t+1 to be equal to the current values, we can write the yardstick objective as a function of the tax levels in the own and neighbouring jurisdictions and of a set of jurisdiction-speci…c characteristics:
We see that the resulting reduced form objective is equal to that obtained from the tax competition model. Hence, the yardstick model results in a tax reaction function similar to that of equation (4). In this case, the interpretation of the tax reaction function is that the incumbent will ensure not to deviate too much from the levels set in the neighbouring regions, since this will have a negative e¤ect on her chances of being re-elected. In general, yardstick competition thus gives rise to positive tax interaction. However, as shown by Bordignon et al. (2004) , under certain circumstances, yardstick competition can also lead to a negative correlation among 8 For example, they are likely to be a¤ected by the same macroeconomic shocks.
the taxes of neighbouring jurisdictions.
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Compared to the tax competition model, spatial interaction in the yardstick framework is a result of the electoral process, and not of mobile tax payers. These di¤erences are important if we consider the policy implications of the models. Whereas the tax competition model resulted in taxes being set too low, in the yardstick competition model, the comparative performance evaluation of the voters restricts wasteful (or ine¢ cient) behaviour on behalf of the incumbent. Hence, the behaviour driving the interaction in the yardstick competition model increases the e¢ ciency of public service provision. Therefore, it is an important task to not only investigate whether there are strategic interactions, but also to test for the type of interaction. One way of doing this is to link tax setting behaviour to external information regarding the framework or rules under which the municipalities operate, which is only consistent with one of the theoretical interaction models. We will return to this issue in section 6.
Methodology
As shown in the previous section, the source of horizontal interaction in the theoretical framework depends on the assumptions made about individuals' underlying behaviour. We also saw that the derived reaction function will be the same, irrespective of whether the citizenry is assumed to react to tax policy di¤erences by migrating (i.e. voting with their feet) or if immobile voters, at the polls, punish their elected politicians by ousting them from o¢ ce. Assuming linearity, the tax reaction function in equation (4) can be written in regression vector form as:
where is a vector of the municipal tax rate, W is a neighbour weight matrix which gives positive weight to the policy values of neighbouring municipalities, so that W gives the average tax rate of the municipalities that are de…ned as neighbours. X is a matrix of municipality-speci…c characteristics that a¤ect the policy decision (here also including a vector of constants), and is a vector of regression error terms. A non-zero coe¢ cient for the neighbours'tax rates is consistent with the theories of tax competition and yardstick competition, as shown in section 2.
The issue of how W is determined deserves a comment. Due to lack of degrees of freedom, matrix W cannot be estimated, but must be de…ned a priori. In general, the weighting criterion should be based on theoretical foundations. However, this may lead to imposing a spatial structure on the data that is in line with the problem to 9 They show this to be the case if the reelection chances of a bad government are so low that, given low taxes in neighbouring jursdictions, it will be preferable to accumulate the maximum rent in the …rst period in o¢ ce by raising the local tax rate and hence, not be reelected. For details, see Bordignon et al. (2004) .
be investigated. A "neutral" and commonly used criterion is to de…ne jurisdictions that share a border as neighbours. This is a simple de…nition capturing the idea of interaction being more likely to take place between closely situated jurisdictions.
We will use this de…nition in our baseline regressions, but will in section 5.2 also use alternative neighbourhood criteria that to a varying degree correspond to the theories of strategic tax interaction (see section 5.2 for the de…nitions in detail).
There are two main methodological challenges in estimating an equation of type (8). First, we need to account for the simultaneity in tax determination, which implies that standard OLS yields inconsistent and biased estimates of W . Second, we need to ensure that the interaction coe¢ cient does not su¤er from bias due to omitted variables/spatial error correlation.
The literature on spatial interactions suggests two methods for dealing with this estimation problem: instrumental variable analysis (IV) and maximum likelihood (ML) spatial lag estimation (see Anselin (1988) or Revelli (2005) for a thorough description of spatial estimation methods).
As shown by Kelejian and Prucha (1998) , given that the instrument is valid, IV produces consistent estimates in the presence of spatially correlated errors. A bene…t of the IV-technique is hence that it enables us to separate the spatial interaction e¤ect from potential spatial correlation in the error term. In contrast, the scope for separately identifying interaction in the dependent variable with ML-estimation, when the error term is also spatially correlated, is weak. 10 Another, more practical, disadvantage with the spatial lag ML-estimator is that it is computationally highly demanding, especially when dealing with panel datasets. Due to these problems, we will use IV for our estimations. For comparison, however, we will also show some cross-section results (in section A.4, Appendix) from estimating spatial lag ML.
Following the idea proposed by Kelejian and Robinson (1993) , and following several studies similar to this (see e.g. Besley and Case (1995) , Heyndels and Vuchelen (1998) , Revelli (2001) and Solé-Ollé (2003)), we will use a subset of neighbours'covariates, W X, as instruments for the interaction variable.
Data and institutional setting
To investigate the existence of horizontal interaction in tax setting, we use data on a panel of Swedish local governments during [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . Before describing the data, we will brie ‡y comment on the Swedish institutional setting. The Swedish public sector is organized into three layers of government: national, county and municipal levels.
1 0 While the ML-estimator can, in principle, be used to simultaneously estimate spatial processes in both the error term and the dependent variable, it is arguable how successful they are in separately identifying these processes.
The local units are responsible for the provision of important welfare services: the Swedish municipalities supply education, child care, social assistance and care for the elderly, while medical care and public transport are organized at the county level 11 .
The focus here is on the municipalities.
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Swedish municipalities have the constitutional right of self government. The degree of autonomy refers both to their right to decide on the provision of local public services and their right to set the local income tax rate (note that only income is taxed locally -property taxes, for example, are set at the national level). Moreover, they are not limited by borrowing constraints. Revelli (2005) ). This is tested by including county taxes as a covariate in the baseline regression (treating the county tax rate as exogenous). The results, which are shown in Table A authorities. This is a minor change, however, as compared to the changes taking place in 1992. Any e¤ects of this on the tax interaction will be captured by the inclusion of year e¤ects, to the extent that they have a similar e¤ect on all municipalities. 1 6 The excluded municipalities are Bollebygd, Gnesta, Lekeberg, Nykvarn, Knivsta and Trosa.
The empirical analysis will include a large set of covariates capturing the economic and demographic complexion of the municipalities. These variables are: municipal income tax rate, taxable income, grants, unemployment, the proportion of young and old (de…ned as the share of the population aged 0-15 and 65+ respectively), population size, and the share of the population on welfare. Sweden is commonly treated as a bipartisan electoral system with either a left-wing or a right-wing majority. 17 The data includes the number of votes for the ruling party coalition (left or right) in the three local elections during the sample period. 18 The …scal variables, intergovernmental grants and taxable income, are intended to capture the demand and need for locally provided services. The rate of unemployment as well as taxable income can be seen as controls for local business cycle variations. 19 The proportion of young (0-15) and old (65 and over), as well as the share on welfare, are included to capture the costs of local government spending. Furthermore, population size is included to control for possible economies of scale in the provision of locally provided services. We include a dummy variable (left-wing), indicating the party a¢ liation of the majority in power, to control for systematic di¤erences in the tax setting between left-and right-wing local governments. Table 1 shows the municipal tax rate to average 20.6 percent over the period, with a minimum at 13 and a maximum at 31. However, the great di¤erence between the min and max value is due to the fact that in two of the municipalities in our sample, Malmö and Göteborg, the services otherwise organized at the county level, are provided by the municipality. If these two municipalities are excluded, the maximum value for the tax level decreases to 23.6 percent.
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Moreover, the island of Gotland is excluded due to the obvious di¢ culty in identifying neighbours. 1 7 See e.g., Alesina et al. (1997) and Pettersson-Lidbom (2003) . Following the categorization in While it is true that in the tax competition theory, the e¤ect of the taxbase is channeled solely through the interaction among jurisdictions and hence should have no independent e¤ect on the local tax rate (see section 2.1), we acknowledge that the taxable income can change for other reasons than migration, and therefore include the variable as a covariate. 2 0 Since these municipalities are large and possibly important in terms of strategic interactions, we will keep them in the sample. The di¤erence in tax rates for these municipalities due to additional responsibilities will be captured by the inclusion of municipality-speci…c …xed e¤ects. The grants variable is de…ned as total grants per inhabitant and contains equalization grants as well as general grants. The negative minimum value of this variable re ‡ects the fact that some municipalities ended up as negative grants-recipients after a reform of the intergovernmental grant system in 1996 (more about this in section 6).
As can be seen in Table 1 , there are a few missing observations for grants and the share of the population on welfare. Our analysis is performed on the unbalanced panel (with a total of 28 missing observations).
Before moving on to the regression analysis, we want to test whether a spatial analysis is also motivated by looking at the data. We use the M oran I-statistic (see Cli¤ and Ord (1981) ), a test commonly used in the spatial econometrics literature to test for a spatial pattern in the data.
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The results, which are reported in section A1, Appendix, show that a spatial analysis is indeed motivated: First, the test indicates a positive spatial pattern in the tax rates of the municipalities, which is consistent with our interaction hypothesis.
Second, we are also interested in whether a spatial pattern is present when other factors included in our tax rate speci…cation are controlled for. We therefore test for a spatial pattern in the residuals from the regression equation (9) when we exclude the tax interaction term W . The test results indicate a negative spatial pattern in the error term of this speci…cation. This suggests that there may be negative spatial processes, in addition to the potential positive tax interaction. This speaks for using IV since, as discussed in section 3, the IV-estimator is robust to spatial error correlation.
Speci…cation of the tax reaction function
As speci…ed in section 2, our estimating equation can be written as:
where is the local income tax rate and W the average of neighbouring municipalities'tax rates, based on the common border criterion. 22 The empirical speci…cation includes a rich set of covariates, as speci…ed above. These are included in matrix X of equation (9). Finally, the speci…cation includes a set of yearly dummy variables, year, to control for time-varying in ‡uences common to all municipalities in a certain year, and for municipality-speci…c …xed e¤ects, id, to control for time-invariant municipality-speci…c factors.
As discussed in section 2, a non-zero -coe¢ cient is consistent with strategic tax interactions. In the tax competition case, we expect the coe¢ cient to be positive, while in the yardstick competition framework, both a positive and a negative coe¢ -cient are possible.
Baseline results
Taking into account the endogeneity of the interaction variable, we will estimate equation (9) by IV. As discussed in section 3, IV has the advantage of being consistent also in the presence of spatial error correlation. This is an important aspect, since spatial error dependence was indicated in the preliminary test for spatial dependence.
Following Kelejian and Robinson (1993) , we select a subset of spatially lagged covariates as instruments to obtain consistent estimates of the interaction parameter. 23 The variables we use as instruments are the neighbours' unemployment rate and neighbours' share of welfare recipients. The estimating equation includes own municipality tax policy determinants, hence the interaction coe¢ cient is identi…ed using the di¤erence in the variation between the own and neighbouring municipality characteristics that are used as instruments. Including the additional set of covariates can furthermore be seen as a means to increase the probability that our instruments are valid. The idea is that by including the municipality characteristics, we require that the instruments are valid, not unconditionally, but conditional on the covariates.
There are several reasons for only using a subset of the covariates as instruments.
For example, in the tax competition model described in section 2, the tax base of 2 2 W is a spatial weight matrix (Anselin (1988) ), where the elements take on a non-zero value for neighboring municipalities, and zero otherwise. By row-standardizing the spatial matrix, the average is independent of the number of neighbours (Case et al. (1993) ). In addition to the border criterion, we de…ne alternative weight-matrices in section 5.2. 2 3 For studies using an IV approach when testing for spatial auto-correlation in taxes, see e.g. Besley and Case (1995) , Buettner (2001) , Esteller-Moré and Solé-Ollé (2002), Heyndels and Vuchelen (1998), and Revelli (2001) .
neighbours will clearly be endogenously determined by the own tax rate, in case residents react to tax di¤erences by relocating. Similarly, due to the previously mentioned intergovernmental grants system, grants may not be considered as an appropriate instrument, since it could be that the e¤ect of grants is taken into account in the local tax decision. In addition, we want to avoid small sample over-…tting bias; hence, we will use a small set of covariates as instruments. 24 Since tax rates are persistent,
we, in addition to heteroscedasticity consistent standard errors, allow for arbitrary serial correlation within municipality. This is handled by clustering the standard errors at the municipality level, as suggested by e.g. Kézdi (2002) and Bertrand et al. (2004) . We acknowledge however, that this is restrictive considering the rather limited variation within municipality and henceforth, both standard errors robust to heteroscedasticity (within parenthesis) and, robust to heteroscedasticity and serial correlation (within brackets) are reported.
Turning to the estimations, Table 2 presents the estimation results. Column 1 of Table 2 shows the OLS results, treating W as exogenous, and column 2 shows the baseline IV results using the unemployment rate and the share of welfare recipients as instruments for neighbours'tax rates. The table shows the coe¢ cient on the spatially weighted average of neighbours'tax rates to have a positive and signi…cant e¤ect on the own tax rate in all speci…cations. Comparing columns 1 and 2, we see that the e¤ect is even larger when treating own and neighbours'tax setting as a simultaneous decision. The coe¢ cient is 0.79, implying that an average tax decrease (increase) of one percentage point among neighbouring municipalities, induces a 0.79 percentage point decrease (increase) in the own tax rate.
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The fact that the IV-estimate is higher than the OLS-correspondence may seem puzzling, considering that we expect the simultaneity bias of the OLS-estimate to be positive. A possible explanation for the lower OLS-coe¢ cient is that it also su¤ers from a downward bias, due to negative spatial error correlation, something which is supported by the result of the M oran I-statistic in section 4.
Turning to the covariates, the results in column 2 show that the coe¢ cient on the tax base is positive and signi…cant, indicating that an increase in average income is 2 4 See e.g. Staiger and Stock (1997) for a discussion on small sample over-…tting bias and problems related to weak instruments. 2 5 As previously noted, adding county income tax rates to account for possible vertical interactions does not change the results of the baseline speci…cation, see Appendix Table A. 3. In addition, including linear county-speci…c trends to account for common shocks within counties, does not qualitatively change our baseline result (results not shown). associated with a higher tax rate. 26 27 Intergovernmental grants are positively related to the tax rate. This relatively weak level of signi…cance may be due to correlation between grants and tax base, since the grant equalization system equalizes the tax 2 6 This result is anticipated if local public services are assumed to be income elastic. Note that average income (tax base) can be endogenously determined in the tax equation. This is presumably the case for a number of the included covariates (e.g., grants and the left-wing indicator), hence we should be careful in interpreting the e¤ects as causal. 2 7 It is worth noting that excluding tax base as a variable does not yield a tax interaction coe¢ cient that is signi…cantly di¤erent from the estimate in Table 2 (see Table A .2, Appendix).
base across municipalities. 28 Furthermore, as expected, the larger is the population in the municipality, the lower is the tax rate, possibly indicating economies of scale in the production of local public services. Eq. (9) accounts for the need for social assistance, by including both the rate of municipal unemployment and the share of individuals on welfare bene…ts. A larger share of unemployed gives rise to a higher local tax rate, while the share of welfare recipients is not related to the tax rate.
According to column 2, the tax rate is not correlated with the party a¢ liation of the local government. Finally, capturing the cost of public goods provision, the share of young and old puts an upward pressure on the tax rate; the point estimates are positive and the share of elderly is signi…cant at the 5 percent signi…cance level.
We note that, although allowing for potential autocorrelation in the error process yields standard errors that are considerably higher than when computing heteroscedasticity consistent errors, the results are overall robust to the former, more restrictive estimator.
Turning to the validity of the instruments, standard tests of validity are reported in Furthermore, we make use of an additional test for instrument validity, namely an informal approach of the test proposed by Altonji et al. (2002 Altonji et al. ( , 2005 . This test is based upon the idea that under certain conditions, the degree of selection on observables can provide a guideline as to how much selection there is in the unobservables.
If the point estimate of the interaction parameter (i.e. the weighted average of neighbours'tax rates) is shown to be insensitive to the inclusion of additional covariates, the estimate would also be insensitive to the inclusion of additional unobservables.
The test results from a stepwise expansion of covariates, are described in section A2, Appendix, and support the exogeneity of the instruments.
In addition to these tests of instrument validity, we have re-run the tax equation using di¤erent sets of instruments as a robustness check. We have laborated with a combination of the following instruments: neighbours' grants, neighbours' rate of unemployment and neighbours' share of welfare recipients, in the current period or lagged one time period. The results, that can be found in the Appendix, support our baseline …nding.
2 8 Excluding taxable income in the equation gives a stronger positive and signi…cant e¤ect of grants on the tax rate. 2 9 The heteroscedasticity-robust F-statistic is 33.18. We only report the the heteroscedastic-and autocorrelation-robust F-statistic in the following.
Alternative de…nitions of neighbourhood
So far, interaction has been assumed to take place between adjacent municipalities.
In the context of both tax and yardstick competition there may however be other relevant assumptions that can de…ne the likelihood of interaction. In this section we will therefore, in addition to the border-sharing criterion, construct alternative neighbourhood de…nitions, based on the assumptions of the two interaction models.
While this is not a clear test of the source of interaction, the pattern of the results from the di¤erent speci…cations, that to di¤erent degrees re ‡ect the two theories, can still give us some guidance to the source of interaction.
Equation (9) is estimated using the following alternative weighting criteria W :
Let w ij de…ne the elements in the weight matrix W (in equation (9)), then w ij describes the degree of proximity between i and j, i.e, w ij is the weight that the neighbouring municipality j has for municipality i. Secondly, we want to account for the fact that information is an important aspect, in both theories of strategic tax interaction. In order to behave strategically, the decision-makers, as well as the voters or tax payers, need to be informed of the tax rates of the surrounding jurisdictions. To capture the degree of information between i and j, we construct a media weight matrix; w ij = newspaper ij xcoverage ij , where and is originally from Statistics Sweden. These data were generated in Edmark (2006) . 3 1 The data on local newspapers is from 1994, 1998 eller 2002 and is from Tidningsstatistik AB.
We are grateful to Helena Svaleryd och Jonas Vlachos for having made it available to us. 3 2 We select all newspapers that are given out at least six days a week. This leaves some municipalities with no newspaper. For these we include newspapers that are given out less then six days a week. There are two newspapers that have a national coverage, Dagens Nyheter and Svenska Dagbladet. These are counted as local newspapers only for the municipalities in the Stockholm county, since they cover local news in this region.
More precisely, the tax rate of same majority refers to neighbours with the same majority party coalition as the incumbent coalition in municipality i; i.e. the spatial weight matrix is zero for all neighbours j that belong to a party coalition p 6 = p i , whereas the tax rate from that of di¤ erent majority refers to neighbours with a different party a¢ liation than the majority in the municipality. i.e. the spatial weight matrix is zero for all neighbours j that belong to a party coalition p = p i .
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In addition to these neighbourhood de…nitions, we also construct a weight matrix based on an arbitrary neighbourhood criterion, namely being adjacent as we rank the municipalities in alphabetical order. 34 35 The idea is that by using this arbitrary measure of neighbourliness, we can test whether our interaction coe¢ cient at all measures a spatial pattern, or whether we would obtain the same results irrespective of how we de…ne neighbours. Naturally, we expect to …nd no tax interaction as we use the alfabetic weight matrix.
The results using alternative de…nitions of neighbourhood are displayed in Table 3, columns 2-5. For comparison, the baseline results using the border-sharing criterion are presented in column 1. As can be seen in Table 3 , the coe¢ cient on neighbours' tax rate exhibits the same pattern as in the baseline speci…cation. The estimate is positive and signi…cant when de…ning neighbours using the migration criteria, as well as in the case with the media weight matrix. De…ning municipalities as neighbours if the share a common media market, does however results in an interaction coe¢ cient close to 1, which is suspiciously high, since a coe¢ cient above one is not compatible with a stable interaction process and this result should be interpreted with caution.
When grouping border-sharing neighbours according to their political a¢ liation, the estimates in column 4 suggest that interaction is taking place between municipalities with similar preferences, whereas the results show neighbours' tax rates in municipalities with a di¤erent ideological positition to have an insigni…cant e¤ect on the own tax rate. This result does however not hold when we cluster the standard errors at the municipality level.
The result using the alphabetical weight matrix in column 5 …nally con…rms that our interaction coe¢ cient is indeed picking up something spatial; the interaction coe¢ cient is insigni…cant when we use the alphabetic de…nition of neighbours.
We interpret the results in Table 3 as broadly supporting the hypothesis of strategic interaction in the tax rate. Using di¤erent speci…cations that, in di¤erent ways, are based on the tax competition and yardstick competition theories, yields interaction coe¢ cients that are signi…cant, whereas our arbitrary alphabetic neighbourhood de…nition yields an insigni…cant result. The result of column 4 is furthermore in line with the hypothesis that interaction takes place between municipalities with similar political preferences. Overall, the results are robust to the more restrictive speci…ca-tion in which we allow the errors to be serially correlated within municipality.
The results in Table 3 can be interpreted as support for both the tax and the yardstick competition hypotheses, since signi…cant interaction coe¢ cients are obtained using neighbour de…nitions that are derived from either of the theories. For more thorough tests of strategic interaction, however, we turn to the next section.
Identi…cation of strategic tax interaction
The results of the previous section indicate there to be a spatial pattern in the municipalities'tax rates. Our instrument tests have also given support for the validity of the instruments, which indicates that the source of the spatial pattern is some form of spatial interaction, and not merely due to spatial error correlation. Hence, we can conclude that the data shows evidence of spatial interaction in the tax rates of the municipalities.
In the above section we used the comparison of results from alternative de…nitions of neighbourhood as an indirect test of strategic interactions. In this section, we exploit empirical implications that are consistent with the tax competition and the yardstick competition framework, respectively, to provide a further test of strategic interaction. 36 First, to test for tax competition, we use a reform of the equalization grants system which changed the incentives for local politicians to interact in the setting of municipal tax rates. Second, we make use of features of the electoral system to identify yardstick competition e¤ects.
There are other studies which have been devoted to identifying the underlying behaviour of the spatial correlation in taxes by providing support for one of the hypotheses. Esteller-Moré and Solé-Ollé (2002) use a feature of the equalization grants system to test for tax competition in Canada 37 , and Besley and Case (1995) , Bordignon et al. (2003) and Solé-Ollé (2003) test for yardstick competition using predictions regarding the electoral process. In this study, we recognize that these mechanisms are by no means mutually exclusive, but that they may well take place simultaneously. Therefore, we will attempt to test for both.
Grant reform
As previously discussed, when tax bases are mobile across regions, tax competition may have negative consequences for e¢ ciency due to a race to the bottom in tax e¤ort and hence, will put a downward pressure on local government spending. However, a system of equalizing grants can correct for this and lead to an e¢ cient outcome, 38 due to the fact that the negative e¤ect of higher tax rates on the tax base is partly compensated by higher equalizing transfers.
Sweden is viewed as an highly ambitious country regarding horizontal equity in the distribution of public services. 39 Similarly to a number of countries, Sweden has a system of tax revenue and expenditure equalization. The purpose of tax revenue equalization is to bring per capita tax revenues in all regions close to the national average.
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In the 1990s, the Swedish grant system underwent a reform, which changed the formula for the tax base equalization grants. We argue that this reform can be used to test for the presence of tax competition among Swedish municipalities. If local governments act strategically to attract mobile tax payers, they should react to a reform that changes the system of tax revenue equalization among municipalities.
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The Swedish tax revenue equalizing grant is calculated on basis of the di¤erence between country-wide average taxable income and average taxable income in the municipality. The e¤ective grant received by a municipality is given by multiplying this di¤erence by a factor of 0.95, as well as by the average tax rate in the country and the number of inhabitants in the municipality. 42 In Sweden, the grant hence compensates for 95% of the di¤erence between the own tax base and the countryaverage.
In 1996, the equalization grants system was reformed. Prior to 1996, the municipalities were granted 127% of the country-wide average taxable income. Municipalities with a tax base exceeding 127% of the country-wide average, and hence ending up with a negative equalization grant according to the grants formula, were exempt from the system. 43 This implies that all municipalities were given either positive or zero equalization grants.
The reform of 1996 changed two features of the equalizing grants system: …rst, the municipalities were granted 100%, instead of 127%, of the country-average of the tax base 44 and second, the new system allowed for no exemptions, but encompassed all municipalities. Under the new system, a municipality hence paid a positive contribution (negative grant) to the system, if the average taxable income in the municipality exceeded the country-wide average and paid a negative contribution (received a positive grant) if it were below the country-wide average. The new system was thus neutral in the sense of its not being dependent on …nancing from the central government.
The new system made the tax base equalization clearer and more directly visible 4 1 Speci…cally, if we consider the theoretical tax competition model described in section 2.2., it is easily shown that an increase in the degree of equalization of the municipal tax base is expected to decrease the level of tax competition. If we assume the tax base to be fully equalized among the municipalities, a municipality's e¤ective tax base is no longer equal to that of its tax payers, s i in terms of the theoretical model, but instead to the average tax base of the country, s. Inserting s in the place of s i in equation (3) of section 2.2, results in a tax equation where the tax rate of a municipality is no longer a direct function of the neighbouring municipalities'tax levels, but instead a direction function of the average tax base of the country; i = ( s; X i ). 4 2 The grants formula is:
where n i is the number of inhabitants in municipality i, t is the average tax rate in the country, y is the country-wide average taxable income, g is the guaranteed level from the central government and y i is the average taxable income in municipality i.
shows that the equalization grant a¤ected by the own tax base as a share of the total equalization grant increases as g decreases. 4 3 However, in practise, only three municipalities were a¤ected by this: Danderyd, Täby and Lidingö. 4 4 In terms of the grants formula of the previous note, g changed from 1.27 to 1.
to the municipalities; …rst, by encompassing all municipalities and second, by making the system …nancially neutral where municipalities with good conditions directly compensate those with poorer conditions 45 . 46 We therefore expect it to a¤ect tax competition in the same way as a direct increase in the tax base equalization would do; i.e. we expect the reform to decrease the prevalence of tax competition.
Before turning to the analysis, it might be asked whether the reform was substantial enough to have any real e¤ect on the behaviour of the municipalities. There are a number of circumstances suggesting that the reform was in fact substantial. First, the reform gave rise to protests from municipalities that were …nancially harmed by the increased equalization, and has frequently been discussed in the public debate.
Thus, it seems that the local policymakers experienced that the change in revenue equalization did have an e¤ect on local revenues. Second, this debate has led to a partial reversal of the changes implemented in 1996. In 2001, a system of partial …nancial compensation was introduced for those municipalities which end up as netpayers (receiving negative grants), and in 2005 the guaranteed level of the tax base was increased from 100% to 115% of the country-wide average.
The hypothesis that the reform of the grants system gave rise to a decrease in the level of interactions in the tax rate between neighbouring municipalities is tested by re-estimating the tax reaction equation (9) including neighbours'tax rate interacted with a dummy variable to indicate the pre-and post-reform periods. Table 4 displays the results. In columns 1 and 2, the tax rates of neighbours are interacted with a dummy, taking the value of 1 after the reform, and 0 otherwise. It is plausible that the reform also had an e¤ect on the own tax rate and if neglected, this could a¤ect the interaction estimate. In columns 3 and 4, the tax base and grants received in the own municipality are also interacted, thus allowing di¤erent impacts before and after the reform also in these variables.
If we look at the results in the …rst column of Table 4 , the results indicate that interaction is about 0.1 lower after the reform. However this e¤ect is only signi…cant at the ten percent level when we estimate heteroscedasticity robust standard errors, and turns insigni…cant as we cluster on municipality. In addition, also allowing for taxable income and grants to have di¤erent impacts before and after the reform, shown in column 2, yields no evidence of lower interaction after the reform.
4 5 As discussed in the Swedish Government O¢ cial Report, SOU 2000:120, this speci…c feature of the system introduced in 1996 dramatically changed the design of the equalization system, from being a more indirect system to more direct equalization. 4 6 In addition, one can argue that the new system made equalization more visible to the individual municipality by increasing the relative weight of the share of the grant that depends on the municipality-speci…c tax base in the grants formula. Note: The dependent variable is the municipal tax rate. Standard errors robust to heteroscedasticity are shown in parenthesis, and standard errors robust to heteroscedasticity and serial correlation are shown in brackets. ***, ** and * denote signi…cance at the 1, 5 and 10 percent level, respectively.
Year and municipality-speci…c …xed e¤ects are included in the estimations. The spatial weight matrix for computing neighbours'taxes is based on sharing border and is row standardized. The F-statistic is the test of excluded instruments obtained from the …rst-stage equation. Hansen J is the p-value for the Hansen test of overidentifying restrictions. Instruments: neighbours'unemployment rate and neighbours'share of welfare recipients.
The coe¢ cient of neighbours'tax rate is positive and signi…cant as in the baseline case. It is notable, however, that the coe¢ cient of the speci…cation in column 1 is lower than what we would expect considering the estimate of the baseline regression in Table 2 . A possible explanation for this is that some of the interaction e¤ect is picked up by the year e¤ects for the pre-reform period.
The results of Table 4 give no, or weak, evidence of a decrease in tax interaction after the grants reform. 
Testing for yardstick competition e¤ects
In this section, we will make use of two general predictions from yardstick competition theory. 48 First, there is the prediction that con…dent of re-election, incumbents facing certain electoral outcomes can implement their own preferred …scal policies irrespective of neighbours'policies. The yardstick theory is hence consistent with the prediction that in municipalities where the ruling coalition is weak, a small deviation from neighbours'tax rate (given X i ) may have a high e¤ect on the probability of winning the election, while in municipalities where the majority is large, there is more leeway in deviating. 49 Hence, we expect tax rate interaction to be stronger in municipalities where the ruling majority is weak. Moreover, the opportunistic behaviour of politicians is expected to be stronger in election years. If voters compare …scal performance according to eq. (7), politicians will have stronger incentives to set taxes in line with the tax policy in neighbouring regions, in connection with the local election. Hence, we expect the interaction in tax setting to be stronger during election years. 50 Table 5 displays the results.
4 7 It could also be argued that a clearer equalization of the tax base has an e¤ect on the prevalence of yardstick competition behaviour. The idea in this case is that equalization increases the voters' information set. Equalization of the tax base means that the economic resources available to the politicians of the jurisdictions become more similar and hence, cannot be blamed for di¤erences in service provision across jurisdictions. Accordingly, equalization would lead to more yardstick competition and hence, more interaction. 4 8 Similar tests for yardstick competition e¤ects are used in e.g. Case (1995), Bordignon et al. (2003) and Solé-Ollé (2003). 4 9 As described in section 2.2, the yardstick competition theory models a situation where the objective of the tax setter, the incumbent, is to maximize personal rents, but where the rent-seeking behavior is restricted by the electoral process. An incumbent who extracts rents (or more correctly, according to the model, extracts more rents than her neighbours), which is re ‡ected in higher taxes for a given level of service, will face a lower probability of re-election. As a result, the probability of re-election is not only a¤ected by the own tax rate, but also by that of nearby jurisdictions (see equation (7)). 5 0 In models of rational election cycles, the prediction is that politicians signal their competence by reducing taxes (and increasing spending) in election years, see e.g. Persson and Tabellini (2000) . The election dummy may pick up both the e¤ect of lower taxes in election years and stronger incentives to interact in the tax setting, both due to stronger incentives to perform just ahead of elections.
However, to the extent that the former e¤ect is similar for all municipalities, it will be controlled for by the inclusion of year-speci…c e¤ects. Note: The dependent variable is the municipal tax rate. Standard errors robust to heteroscedasticity are shown in parenthesis, and standard errors robust to heteroscedasticity and serial correlation are shown in brackets. ***, ** and * denote signi…cance at the 1, 5 and 10 percent level, respectively.
In column 1, the tax rate of neighbours is interacted with a dummy taking on the value of one if the political majority of the municipality is weak, and zero otherwise.
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The result from this speci…cation does not indicate any di¤erence in interaction between municipalities with a weak and strong political majority; the coe¢ cient for neighbours' tax interacted with our indicator for a weak majority is insigni…cant.
However, it may well be that having a weak political majority has an independent e¤ect on the tax rate. 52 The result from this speci…cation, using heteroscedasticity robust standard errors, indicates tax interaction to be stronger in municipalities where the political majority is weak, i.e. politicians tend to react more to neighbours'tax rates when facing a tight electoral race. The coe¢ cient states that the tax interaction is 0.14 higher when the political majority is weak, which is a substantial di¤erence.
This pattern -a negative e¤ect on the tax rate of having a weak majority, and a stronger tax-interaction in municipalities with a weak majority -is consistent with the …ndings of Solé-Ollé (2003) . 53 However, clustering on municipality, the coe¢ cient turns insigni…cant.
Column 3 displays the results when interacting neighbours'tax rate with an election year dummy. 54 The result does not support the prediction that strategic interaction is stronger during election years. However, this result may be due to little variation, considering that there are only three election years in our sample period.
To summarize, our results indicate positive spatial interactions to be present in Swedish municipalities. However, we …nd no, or weak, evidence that tax competition and yardstick competition contribute to these interactions.
5 1 We de…ne "weak" as a municipality, where either the left-wing or the right-wing block has a support equal to or less than 55 percent of the votes. According to this de…nition, in our sample of 3113 observations, there are 1752 municipalities where the majority is weak. 5 2 This result is consistent with earlier work analysing the relationship between political competition and policy outcomes. For example, recent work by Besley and Case (2003) and Besley et al. (2005) …nd that increased political competition leads to lower taxes. However, according to our de…nition, municipalities with a weak majority include unde…ned party coalitions, where neither the left-nor the right-wing bloc is in power, which is typically the case when there are strong local parties. The indicator variable for weak majorities may hence pick up information on these local parties. Since we lack information on the party a¢ liation of local parties, we refrain from further interpreting this result. 5 3 Bordignon et al. (2003) also present evidence supporting that incumbents facing uncertain electoral outcomes (i.e. not supported by large majorities) tend to react to neighbouring jurisdictions tax rates, whereas incumbents con…dent of reelection do not. 5 4 There are three election years in our sample period : 1994, 1998 and 2002. 
Conclusions
This paper uses data on Swedish local governments to test for strategic interaction in municipal tax setting. Following a number of previous studies, the endogeneity of neighbouring local governments' taxes is handled using an IV approach where neighbours'tax rates are instrumented using a subset of neighbours'characteristics.
Using an IV approach is intuitively appealing in this context, since identi…cation becomes explicit; spatial interaction in taxes is caused by the changes in the part of neighbours'taxes attributable to the observable characteristics of neighbours, which are used as instruments.
We …nd evidence of positive spatial auto-correlation in tax rates: a tax cut of on average 1 percentage point in neighbouring jurisdictions leads to a decrease of about 0.79 percentage points in own taxes.
The result is robust to using di¤erent speci…cations of neighbourhood, that are derived from the tax competition and yardstick competition theories respectively.
This suggests that there is a spatial pattern in the data that is consistent with the predictions from these theories.
However, we stress that to identify the source of the interaction, additional testing is needed. We therefore employ two tests based on empirical implications that are consistent with either the tax competition or the yardstick competition framework, to test for the source of interaction. First, to test for tax competition, we use a reform of the equalization grants system which changed the incentives for local politicians to interact in the setting of municipal tax rates. Second, we make use of features of the electoral system to identify yardstick competition e¤ects.
Using these tests, the paper …nds no (when accounting for dynamics by clustering on municipality), or weak (when not clustering) evidence supporting that the spatial auto-correlation in taxes among Swedish local governments can be explained by electoral concerns or incentives to attract mobile taxpayers, as suggested by the theories on strategic tax interaction.
Our results hence underline the importance of using direct tests for strategic interactions, in addition to estimating the spatial interaction equation. They also suggest that accounting for dynamics have potentially important e¤ects.
A Appendix

A.1 Moran I test of a spatial pattern in the data
The M oran I-statistic is based on measuring the covariance in the tax rates of neighbouring municipalities, relative to the variance in tax rates across all municipalities.
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Inference is carried out by calculating the Z-value of the test statistic and testing this against the null hypothesis of tax rates following the normal distribution. Applying M oran 0 s I directly to the tax rates gives us an indication of whether there is a spatial pattern in the tax rate t, when no other factors are taken into account.
We are also interested in whether a spatial pattern is present when other factors included in our tax rate speci…cation are controlled for. In this case, we …rst run the regression equation (9), but exclude the tax interaction term W . Then, we apply the M oran test to the predicted residuals. The idea is that if we …nd a spatial pattern to be present also when municipality-speci…c covariates are controlled for, this
indicates that some spatially correlated variable has been omitted from the model.
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The tests are run using the border-based de…nition of neighbourhood, i.e. municipalities are de…ned as neighbours if they share border.
We ignore the time dimension of our data and perform the tests on the pooled cross-sections, and we test for a spatial pattern both in the tax levels and the deviations from the municipality-speci…c mean over the time period. The results are given in Table A indicator variable equal to one if municipality i and j are de…ned as neighbours, and zero otherwise.
t is the tax rate and t its mean
5 6 A drawback with the Moran I -statistic is, however, that it is not robust to misspeci…cation in the spatial error process when testing for interaction in the dependent variable, and vice versa. Here, however, we merely want an indication of whether a spatial analysis of the data is motivated. The instrumental variable regressions will then tell us whether the indicated spatial pattern stems from interaction in our dependent variable.
As shown in Table A .1, the null hypothesis of no spatial pattern is rejected for the tax rate as well as for the error term, and the test statistics are similar for the pooled OLS/tax level case and the deviations from the mean case.
A.2 Speci…cation test
This section presents the results of an informal type of test of instrument validity proposed by Altonji et al. (2002 Altonji et al. ( , 2005 . This test is based upon the idea that under certain conditions, the degree of selection on observables can provide a guideline as to how much selection there is in the unobservables. 57 .In our setting, this means that the observables in the tax reaction equation should be chosen so that there is no relationship between the instruments and the unobservables that determine the local tax rate. If the point estimate of the interaction parameter (i.e. the weighted average of neighbours'tax rates) is shown to be insensitive to the inclusion of additional covariates, the estimate would also be insensitive to the inclusion of additional unobservables.
First, we include the same set of controls as those used to instrument neighbours' tax rates (the rate of municipal unemployment and the share of welfare recipients).
Second, we include the whole set of covariates except …xed unobserved municipalityspeci…c e¤ects and third, we also account for unobservables by adding time invariant municipality-speci…c e¤ects to the speci…cation. The results of these speci…cations are presented in columns 1-3 in Table A .2.
Columns 1-3 give the regression estimates when using di¤erent subsets of own covariates. The point estimate of neighbours'tax rates when including the entire set of controls, displayed in column 2, decreases somewhat as compared to column 1, where we control for the share of welfare recipients and the rate of unemployment, and increases somewhat, compared to column 1, when controlling for time-invariant unobservables by including municipality-speci…c …xed e¤ects (column 3). However, all speci…cations basically yield similar results, i.e. the interaction coe¢ cient is positive and signi…cant and about the same size in all speci…cations. Hence, we interpret this as support for the validity of our instruments.
5 7 The following conditions must hold for this to be the case: the subset of controls must be randomly chosen from the full set of observables, the number of covariates must be large, and none of the covariates should alone dominate the distribution of the outcome variable and the relationship between the observable elements and the unobservable elements must obey an assumption similiar to the standard assumption Cov(X ) = 0: See Altonji et al. (2002 and for details. Note: The dependent variable is the municipal tax rate. Standard errors robust to heteroscedasticity are shown in parenthesis, and standard errors robust to heteroscedasticity and serial correlation are shown in brackets. ***, ** and * denote signi…cance at the 1, 5 and 10 percent level, respectively.
Year and municipality-speci…c …xed e¤ects are included in the estimations. The spatial weight matrix for computing neighbours' taxes is based on sharing border and is row standardized. Instruments: neighbours'unemployment rate and neighbours'share of welfare recipients.
Comparing the results in column 2 with our baseline speci…cation in column 3, we can also note that when excluding municipality-speci…c …xed e¤ects, a larger proportion of the population on welfare is positively related to the tax rate. Furthermore, the results indicate a positive correlation between taxes and left-wing majorities. This is in line with previous work on Swedish local governments. Pettersson-Lidbom (2003) …nds evidence of a party e¤ect on tax and spending policy: on average, left-wing governments spend and tax 2.5 percent more than right-wing governments. Moreover, the result suggests that the municipality-speci…c …xed e¤ects, included in the baseline speci…cation, e¤ectively account for time-invariant unobservable characteristics, such as local preferences. 
A.3 Vertical interactions
A.4 Maximum likelihood spatial lag estimation
It is interesting to compare the IV-estimates to the results of alternative estimation techniques, such as ML and OLS. Since OLS and ML may su¤er from di¤erent types of bias in a spatial setting, comparing the magnitudes of these estimators can tell us something about the presence and magnitude of such bias. However, ML is very cumbersome to apply to large panels. Therefore, we will re-estimate the baseline regression for a cross-section consisting of the average values of the variables over the time period 58 , 1993-2003, and compare Note: The dependent variable is the municipal tax rate. Robust standard errors are shown in parenthesis. ***, ** and * denote signi…cance at the 1, 5 and 10 percent level respectively. The spatial weight matrix for computing neighbours' taxes is based on sharing border and is row standardized.
Instruments: neighbours'unemployment rate and the neighbours'share of welfare recipients.
The results in Table A .4 show that the ML-and the IV-estimates for the tax interaction are both positive and signi…cant, and are relatively close to the IV-coe¢ cient obtained in the panel-regression in Table 2 . The ML-estimate is 0.57, and the IVcorrespondence 0.55. The ML estimator is sensitive to spatial error correlation but handles the bias resulting from simultaneity in tax determination. Hence, this pattern, a larger ML-estimate, is consistent with the presence of positive spatial error correlation, giving a upward bias in the ML-estimate. The closeness of the estimates suggests this type of bias to be small, however.
Looking at the OLS-estimate we see that, contrary to the panel-case, the OLS is here larger than the IV-estimate. This is consistent with a positive simultaneity bias in the OLS-coe¢ cient. 5 8 The dummy variable for a left-wing majority has been excluded from this regression, since it is not clear how its average value over the period shall be interpreted.
5 9 We have also estimated the regression for the cross-section of each year separately. The results of these regressions are similar to those when we use averages. The ML-estimate was computed using the command spatreg in Stata.
A.5 Alternative sets of instruments Table A .6 shows the baseline speci…cation and alternative sets of instruments.. In column 1, we instrument neighbours'tax rate using the rate of unemployment, intergovernmental grants and the share of welfare recipients. In column 2, the instruments Note: The dependent variable is the municipal tax rate. Standard errors robust to heteroscedasticity are shown in parenthesis, and standard errors robust to heteroscedasticity and serial correlation are shown in brackets. ***, ** and * denote signi…cance at the 1, 5 and 10 percent level, respectively. Year and municipality-speci…c …xed e¤ects are included in the estimations. The spatial weight matrix for computing neighbours'taxes is based on sharing border and is row standardized. The F-statistic is the test of excluded instruments obtained from the …rst-stage equation. Hansen J is the p-value for the Hansen test of overidentifying restrictions.
used are intergovernmental grants and unemployment rate. Column 3 is the baseline speci…cation shown in Table 2 (instrumenting using the share of welfare recipients and the rate of unemployment). Table A .5 shows the results using the same set of instruments as in Table A .6 ; however, the instruments as well as the own covariates are lagged one time period. As can be seen, when comparing the F-statistic in Table   A.5 and Table A .6, employing lagged local characteristics reduces the explanatory power of the instruments in the …rst-stage equation. In addition, the p-value of the Hansen J is higher in all speci…cations in Table A .6, as compared to Table A .5 with current period instruments. Note: The dependent variable is the municipal tax rate. Standard errors robust to heteroscedasticity are shown in parenthesis, and standard errors robust to heteroscedasticity and serial correlation are shown in brackets. ***, ** and * denote signi…cance at the 1, 5 and 10 percent level, respectively.
Year and municipality-speci…c …xed e¤ects are included in the estimations. The spatial weight matrix for computing neighbours'taxes is based on sharing border and is row standardized. The F-statistic is the test of excluded instruments obtained from the …rst-stage equation. Hansen J is the p-value for the Hansen test of overidentifying restrictions.
